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A catalyst composition for use in the polymerization of a conjugated diene or the copolymerization of a conjugated diene with an 
aromatic vinyl compound, which comprises (A) a metallocene-type complex of a rare earth metal compound (a samarium complex, etc.) and 
(B) an ionic compound comprising a non-coordinating anion and a non-coordinating cation (tnpnenylcarbonium 
tetrakis(pentafluorophenyl)borate, etc.) and/or an aluminoxane. The catalyst is useful for producing a polymer which has a microstructure 
having a high cis-1,4 structure content and has a narrow molecular-weight distribution. 
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m m « 
m m m m, m 

vmmmm&yo iz^&nz mmm. &v \zmmmmm *m^x&®isx.>t% 

jLMftizM&xmm-&'&m%:]&.-ox^2>o m^. mm - mmmmmz^sux-m^ 
m<t£tiizPi'&v^>m&ifc*mz>mmx, hh^x iAm^M^^x^m. 

<D*r£^& (End. Ing. Chem., 48, 784, 1956; 37-8198 ^&$S#M)o 

il^#M+4a^-cDW^* s ^A,^tft>tL§ IZte^fz (Makromol. Chem. Suppl, 4, 
61, 1981; J. Polym.Sci., Polym. Chem. Ed., 18, 3345, 1980; ttSfttttiJBl 
2,848,964-^-; Sci. Sinica., 2/3, 734, 1980; Rubber Chem. Technol., 58, 117, 
1985 &££#J!)o ^tlfeOtti^©^, ^^^^A<b^tJhW^T;i/^-^ 
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mrzzt&mmzn, y^^^ymcDm^mmtLx-rxi^mit^nx^^ 

(Macromolecules, 15, 230, 1982; Makromol. Chem., 94, 119, 1981 £##0o 

rgtt^wr^M^^fflVAT. ^S7umm.iz&vz>isx iA-mm(D^mm^-m<, 
fr^m^^&frft*^T&m&i&*M s &^%M,frftte£nx^2> 0 b£>L&# 

£ t> < & 2 tlX *5 19 s Xtfi^J «3l&fftSI & fi ^ T I ^ . 

#{3, • mwtm^mz^x^&mit^ntz^^^>t^m^==-Mt^ 

M*£?f^ (xifbflU, 72, 2081, 1969; Plast. Kautsch., 40, 356, 1993; 
Makromol. Chem. Phys., 195, 2623, 199 &££#M)> #b'U-^ 
&m<Difr±m&m<t^*^J&fr£1r&m.&m&%k (Macromol. Rapid Commun. 16, 
563, 1992; J. Polym. Sci., Par A; Polym. Chem., 32, 1195, 1994; Polymer, 37, 
349, 1996) te¥ifi%\^tiX^2>o ^n^comM^hX\±, &%>m&^^>X 1,4 

•?-$m& m -rm&i&% mm.? &zti±x%tefr-?fzo 

t;i±s ^fvMi&iz&ttzi/x i,A-mm(D^m&^'m<. t^m^^m^^ 
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•^^^ (rF77MD7i^l/) K N.N-^/W^'J-^Ar 

(^>^7;i/tD7x-;i/) K l ) l'-^^^V7xn-izr')Af 

(^7^7MP7x-jV) ^U— hTfc3±g3MJ&5Saf» ; Ms 

^.Tn ^nilCjSltSi'T; l,4l£j£©^rm#80 mol%JiL±. *? * b < \± 90 
mol% W±> <k t>*?£ b < ti 95 mol%U_t. b < tt 98 ■olXW±7ffe *K 

fro^?*^ Mw/Mn#2.00aT>£?£b<& 1.80 WT> £ b < fc£ 1.60 

WT> b<& 1.4<mTM$fc«F* b< B: 1.30 WTtfeSi^M 

(3 J; flit. * ? D -fe >M^^A s t>-x' U £ A$gf£T" & S ±IBftftBI*flfifc$» ; -< * >tt 
fc-£rti* $ h iJ7i^*^>7At (A>^7;i/^P7xr;i/) 

— K HJ7x-^;^-^Arh7^ (rh77MD7x^;i/) tfU — 
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&%±mMmmmm ; &t>\ £ ^izmmwmm i — in mTtmomm&mit&m 

W±s b < tt 90 nolX W±s * b < fcfc 95 moim±T& D . Mn 

# 10,000 b < 20,000 JiiL±s <fc D» * b < (± 50,000 J^±, fttZlKS. 

b < (± 100,000 JjUiT-ife !K frf-mftle Mw/Mn # 2.50 WTs *? * b < t± 2.00 
Ji*T> b<& 1.80ftnM*fc#Sb<J± 1.5<mT"efc3#S^##« 

-H5£(I) : R a MX b • L e X« 
-JfisSUI) : R a MX b QX b 

;]/;*- U-;i/3fc£i3*b ; X fcbfc&fi^ AD^>If, 7;i/3^>FS, 

T5. h'Ss x&MfcJ*ffifc 1 20 cD&<fbzk3RS£^b ; Lfcfc;W xiMStS'fb 
^ll^Sl ; Q&Jl»3flMlg§ III ^TC^^^b ; a & K 2, Xi±3©ttftft^ 
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U;b&CK K Xtt2Ofift^l/;cH:0s 1 , Xtt 2 ©SgjR&^f) T-^£ 
a N -feU^A, 77tt^A, ^^-i?^A N ro/f^A, -9-^ 

^a, ^i/tr^A. y 'J ^ y^^tr^A, K^j-^^m? h&x%, 

is m - ^ > V ;v > ^ d * > * ^ a: — tf — ;i/ ^ # p ^ > ^ 5; 31 — 
2-^ h*^3i^;w>^P^>*^3i-;i/^ h U U ;w>^ o^>^3i 

— tert-^;P->^D^>^^3i3i;i/^ N ;r^;w>^ d^->^ V^—fr^ 
7ir;vi/^D^>^^x-;H, lj2 -^^^-;i/i/^P^>^^3in;^ 1,3- 

1,2,3- h U^^;i/^>^D^>^^3i-;i.£. I t 2,3,4-rh7^^>^n^ 
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^^i/=c=. ^>^^^-;i/^>^D^>^^^-;i/^ N 1-31 ^-^-2,3,4,5-^ h 

h U^^-;i/5/ U;i/-2, 3,4,5-5* h ^ ^ 3-)]/i/>7 P^>* .ifx.—JU&l- h 'J 
0^^-2,3,4,5-^ h^*^;i/*>*n^>*^3i^;i/&fc£#tMf &*i£oB& 

*^;w >5 :: -;^ 1,2,4,5,6,7-^-9-^ -^w ^s&irawf £*i 
So R^:bT{i^>^^^•;^^^D^>^^3l-;1/^^f?*bv^o 

n-fhZ-i'&s ^v^b^r^Ss sec-"7" b^>Ss tert-^ h 3^>X&£©E§Jtel£ 

UXZ)17 2,6-^^^>^l/7i;^>Sx 2-tert-y^;i/-6-^ V 

^Pt^l/^aiy 2-tert-^;i/-6-^*^>^-;i/7 3^>Ss 2-fvr 

2,6-5?-tert-^;i/7 * * b^o 
X*sto-r^-^^— b^bTyu ^-^-^h^-^Sx ^^-mh^r^^ ^^-r 

* tQTt-y hs^ft7xy =sr^^ 2,6-^-tert- 

irisM. 2-tert-^^;i/-6-^ vro wt7i;^ 

2-tert-y^;i'-6-^7|-^^-^>^;i'7 3iy ^->3£x2— f V7D^-6-f**^ 
>fjl/7i;Jr^ 2,4,6- b 'M V7D ^"7 x 7 ^©7 'J 

h*©V>-rtlT**)<fcV^* s x 2,4,6- b U>f V7ntVl/ft7x7 3r^ 

yU'ShLtil i^^r^H^ ^xf;vr^F^ ^V7*n^7 
^ F&teZomffiWiT^ b*S> 7j-;V7^ KSs 2,6-^-tert-^;i/7oi^;b 
7^ HSs 2,6-i;^V7Dh>7i-;i/7^ KS. 2,6-^^^7^l/7z-;i/ 
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T 5. K^n 2-tert-^;i/-6-'f V 7D K;i/7 i=^7 ^ K2£x 2-tert-^;i/-6- 

S N 2,4,6-tert-^;i/^3i— 5. FS^Jf©7'J-;i/7^ h*S<D^-rtiT»& J; 
2,4,6-tert-^;i/7ai^;bT^ «/W£b^o 

rnwvs, n-7^;i/S^ -fv7^;^ sec-^;i/Ss tert-^;v^ 

;i/^ N :n*-;i/3£ N ^fV7f;i/S^ h y ^^v^ u;M7*-;i/S&£#$? i; bi^ x 

;Wb^k ^hV'fb^s 7^>{b^ *X7^>ft^ > U^^Mb^- 

^TQiijlJOTStfl HI $l7C3ft£^-r>^ ^^©jyfc^bTfcJu *«7^ 

5$ ( I ) -c ^ £ fi %> %t±m&m<b&fo CO * ? n -k > H WJ h b T & N 00 £ 
(i s tf^^>^^^-;i/->^n^>^^^-^b'7;^ t fd77>^y>j »7a, 
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h-^^rX ( ; E/7;i/tD7xz;V) 7^1/ — K =r h7*X (i?7 7 ^—Jl) 
tfU— K ( b U 7JVJTU7 3L=.)l) tfU— hs T^h^^r^ ( h U 7 

;i/^-n:7 ;n-;i,) 7t?b—K ^ h ^^-^ 7)V^u 7 ^—fr) K 

— (3^>U;V) K (h'j7x-;i/, ^>^7WU7i^) 

— K [hU7s (^>^7;i-tn7x-;i/) ) 7 ^=.)V~\ ^b— K h'Jr* 

rz^^^^^A^^Tl-^^ifCDHB^^^^^^A^^^-^^^tf 

:?:n-;i/) ^^t^-^A^^^-Vx hU (^^^1/7x^1/) ^;i/^-^A*^- 

;i/T>^e-^A^^^>. h 'ja^l/TV^^A^^^ h»J7Dt>7> 
^-e7A*^^->s h'J7*W> ; E-'!7A3!7f-tX h'JU^fiHTV^- 

•>A^^^->, N,N-2,4,6-^>^^^;i/7'-U -r>A*^^">^h*CDN,N-^r;i/ 
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K N,N-y^^7-'J-^Arh7^7 (^>^7jWD7xz;i/) 
b—K l,l'-^^^7iOt^Ar h^^X (^>^7WD7i^t/) ^ 

4^l^;W7®^bt, B(C 6 F 5 ) 3 s Al(C 6 F 5 ) 3 &££fflV^£^#T"#s 

-fb^ inss^j t s - 1: (3 ct o t m e> tis * © &m o a n h g N 

J^H^ty:. -^(-A1(R' )0-) n 7?^$n*fg«^;i/^ ^ ^^Xtt^ttT' 
ftT^Tfc £W nfcfcM£-Jg**<U ff$KH:5^ J; t)»* b < l± 10 JU± 

tfe^o R^iTti. rnwi/S, 'fv^i/Sft^ 

h Mf;i/7;i/U7Afc h y 7^;i/7;i/^-'7Ai:0i^ti^SI4i:ltffl^ 
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^mmmm&mmt, ±I3©^(a)si>*(b)^^s ££>m#(c)hb-tji 

^u^a, :/^;i/U3^A, y ^-jvj^a, ^>^;m^A, 
>^;wj^a, h u ^;i^> u^y^wj^A, tfx h u u;m?- 
;wj^a, ^r/^i/v^^A, ^'^wi^^^a, i^^;i/#§8, 

5^1/ T;^—^ A, h U^^rv-^T^^-^A. h'J^^^TJV^-^A, h 
U^^^T^^^^A^^'^fflV^^lil^trt^o ^^(3 S m^l/-^ A 

(B) (^WJt) £ 1:1-1: 10000. b < It 1 : 10—1 : 1000, £ ^ b < 

It 1 : 50-1 : 500 *IJg tc-r 3 o %t±M&mib-&mtJjr>mh&W) 

h^mm^iX\±, ^(A):^(B) (^l/tb) £1:0.1-1:10, Jf$L< 
(±1:0.2-1:5, £ & b < 1 : 0.5-1 : 2 jgj&fc-raxK.fc^o £tz, J& 

Its #iJx.«, 1 : 0.1-1 :1000, £ b < & 1 : 0.2-1 : 500, £ £ * b < It 1 : 
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0.5-1 : 50ggt"SI) O 

-1,3- 2,3-^^^;v^*^^^>> 2-^^-;i'^>^i ;p ^>s 4-^^-;i/ 

^>^oi> s Xfct 2,4-^t^^>&££^i:f££ ^# s "e^ 3tie>©^-£ 

gtite^bK mz-&. ^fvri/X l,3-^>^^^>, 2-^ 

;i/-i,3- 2,3-^/^;b7*^^^.>. 2-^^-;v^>^^^>> 4-^^- 

l,3-:/*:^>#&?£b^o ^tl^O^y V-J$#£i|Mf:ir?:ffl^T& 2 

#>J;Lkf. p-^^-;i/^^U>s m-^^;i/X^-U>. p-tert- 

^;i/X^l/>s «-p<^;v^^-U>n ^PP^fiWfl/>> p-tert-^ h3^> 

n^^o mz-its ^*v>, ^y^>m(Dnmmmm^t7K 

1,2-^^pox^x ^n;i/^>-^>> ^DA^>-if>s ^ d;1/ h;i/3i>^©^N 
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-50~80°C©f5BTfe3o S^KfHtts ■Witttl^-'12fiflfflefttf*?)> »*b. 
<fcfc 5 #~ 5 B$HMgT"fc3o <£>o£:£k ^^-©il 

xmm.<D^m Ifli 80 mol% U±X*& t) s L < fcfc 90 mol% #.±. £ t) 
0* b < i± 95 *>lX&L±u iRflz$f^L<Ji98mol%W±T-feSo Hfcx ttttM 
Cibtlt Mw/Mn 2.00 J^Ts ff£L<t± 1.80 J;D#?£b<& 1.60 

tZKT, b < & 1.40 JiTK ftfc*f£b<fca: 1.30WT-CfeSo 

^B^cD^K^&^cfc t>f#e>n-5*«^©^ pummiz&\jr&i'xmm<D 
d*f*«u mm* so moi%j^±s b < a 90 moi% wcff * b < t± 95 moix 

W±Tfe t) s Mn fcfc 10,000 JftKli 20,000 J£*_h N i!3»SL<li 

50,000 fiJL± x 4$fc*?l; b < tt 100,000 J^±"C & fr^Mfrtt Mw/Mn t± 2.50 & 
T. £?£b<& 2.00 J^Ts «fc*>SF£b<fci: 1.80 WT^ *8 b < & 1.50 

m&z&m tmmmm^ ^m^m^ 
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»J^©^ 'J y ^ i^x >© ^ PiKi, 'H NMR 13 C NMR 

nfctr—^t'H NMR: 6 4.8-5.0 (l,2-tf^;i/^- y b©=CH 2 K 5.2-5.8 (1,4-i 
h£>-CH=£: l,2-tf-;m- y h©-CH=)s 13 CNMR: 5 27.4 (l,4->X-3--y 
h) N 32.7(l,4-h^>^^-^ hh 127.7-131.8 (1,4- J--^ h) N 113.8-114.8 
t 143.3-144.7 (l,2-tT-;i/^.-y M] £0*mu ^UXD^f* 

t± , HMMRK: < fct)»&nfcK-^[<5 4.8-5.0 (^yiXOl^-K^I/^yh 
©=CH 2 ) S 5 5.2-5.8 (7^i^x>© i,4-e=;wx.=. y l,2-\Z=.)U3-—y h 
6D-CH=), 6.3-7.3 (^^-lx>jx-y h©^#JM)]©^it*^^ffibfeo 

£fcs (Mw)> RWfl^* (Mn), (Mw/Mn) fc^ GPC 

mm^m^LTWv — ^^yZX*"?- b& 30 ml MEEtf^^h 

A [ (Cp*) z Sm(THF ),] (Cp* : ^ > # ^ 9 n ^ > * — ;HM(£? ) * 0. 01 mmol 

tt&*K h;Wn>6mlfc:$g#Lfco owe, MMAO (IV- • T * V*±<fc !> HR^£ 
tVC^-S b Ax.>T$&&7'}l/$S*"y-»& Al/Sm=200 fcMittteZ «fc "5 «A0 
bTtfWl'&JT&bfco ^D-7^^^^iPf)^hM^i3tHU 1,3- 

7*^:c>£ 1.5 gtt3i^ 50"CT!5^iaift-&*fTofco fi^&. 10 ¥t%© BHT 

C2,6-brx(tert-^;i/)-4-^^;v7xy-;i/D s^tr**^— ;no mi fcira* 

^ ^ D^{i^>7;^«^ 98.8mol%T»$> 401, OOO.Mw/Mnii 1.82 
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0'J2 

^A[(Cp*) 2 SmMe(THF)]£ 0.01 mmol £b52^ h;i/^> 6 ml £*g$PLfco "WC 
MMAO * Al/Sm=200 ^MtttftZ &o izmmVX-tf V fr^ttfe^tzo ?<D^ V 
D _^,^^^f,#h;i / ^l)[iiU l,3-r^^3i>>& 1.5 gft^s 50°Ct- 

15 frmm&ziT- o fco s^su iowt%© bht * y — ;v iomi ££n;LTSjiS 

98.0mol%Tfc tfc¥±9#^S& 1,260,000, Mw/Mn & 1.69 T!&o£o 

^#HM,TcD^n — +^(-^b^30 ml itJEtf^X^h 

A[(Cp*) 2 Sm(THF) 2 ]£ 0.01 mmol tfc32^. 6 ml Jd^fclLfco o^T h U 

^V7f;i/7;V^-^A O.lmmoU h'J7i^W->>Afh7^ 
^7MD7x-jl/) K\s- h (Ph 3 CB(C 6 F 5 ) 4 ) 0.01 mmol £«] LT^ Wl^fl* 
^Lfeo ^©ts ^n — ^^^X^e>*" h;i/£mt)l±lU l,3-:/*y^>£ 1.5 
gf±5i^ 50°CT 10 #M-£r£frofco 10wt%© BHT £^t? ^ * y 

10 ml £an£TSJ&£f?il:bs £ * y -;i//JMM£r^«-£fii^fc 

60°CT'K^Mbfeo f#£ftfcSl^fc©lK^& 78wt%T&^fco £ 
2 u myitis X^mft 95.0mol%-£& Ds ft^^Stt 263,000. Mw/Mn 

Mffc#fflflT©^n — y^**"^ Lfc 30 ml ftKtf^X*' h 
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i)-7U ^A[(Cp*) 2 Sm(£d-Me) 2 AlMe 2 3£ 0.01 mmoH±&£K WWn>6 ml 
IzmMlsfco o^fh'HV^mi/^-^A 0.03 mmol. h'j7x-;^;i/ 
^->>A^ h7^(^>^7MD7i-^)t;i/ - h (Ph 3 CB(C 6 F 5 ) 4 )0.01mmol 

l,3-^^^ni>^ 1.5 gl±&#-. 50°C-e 5 ^Ml^^fco 10wt%© 
BHT ^^"tf^ # J—)\> 10 ml £#D;LT>afo£fW-U £ te^McD* # J — fr/ 

94 wt%-efc-?£o fii^£©^n^(^>Xl^«# 90.0 mol%Tfe0, 
=^m.\± 429 , 500. Mw/Mn & 1 . 56 T & -=> tc o 

a:-;!,) ^ij A[(Cp*) 2 Sm(//-Me) 2 AlMe 2 ](Cp* : ^>*^;i^>^ p^>^ai 
-^laii^)^ 0.03 mmol tt&^-s h;i/^> 1 ml IcigfPLfco ov>"C\ h 'M V 
T^l/T^-^A 0.09 mmoK b U 7 ~ ^ 
^l/^n^:^) ^V— h(Ph 3 CB(C 6 F 5 ) 4 )0.03 mmol ^iiDbtt^^^fTftt 

fco^cD^s HwsBtDtHu l,3-:/*^>£ 0.97 g. 

X^U>£ 1.4 mH±3i^ 50°Ctr 30 ^PMl^ffo fco S^SL 10 wt%CD BHT 
C2,6-lf^(tert--7*^;v)-4-^^;i/7 3iy— ^^tfp<^y-;H0 ml £flP;L 

60°cT^^'jtbfe o f#e>nfe«^c73ux^(i2iwt%-e^ofcc s^rtw 

©*^W>^W*&4.6moltr-£!3. ^^^x.>a.-^ bO^Pilti^^ 
ft# 94.6 moire & 101,000, Mw/Mn & 1.41 T&ofco 

#<J6 

1,3-:/* 0.81 g. 7,fl/>§ 1.7 mlft&c^ 50°CT' 1 RtMl^T 
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h<D^?ummi±i<'^mft 95.1 mo\%X°&*), ifc¥&J#^«& 78,600. Mw/Mn 

1,3-7"* 5^>£ 0.65 g s 2.0 ml 50°CT' 6 B^FMl^T 

W5i:itl(l0^i?l^ffc. f#?>nfefi^©W{i 20 wt%T- 
jfe-^fco Sfc. U>^*f*fci: 11.4 Bol%-C»bs 

y h©^^n^iii/^^*^91.7mol%T$)Ds 73,900, Mw/Mn 

ti 1.69-Cfeofco 
0>J8 

l,3-^^3i>S 0.49 g, *^V>£2.4ml{fc32^ 50°C-£ 12 BtMl^T 
oJ-m M5tHtt©»iSTfI^*ftft e #?,tlfefi^cDlR^{i23wt%-e 
feofeo m^*©X^V>1§rlfW 19.1 BOlX-Cfet). -7*?¥^y=L- 

v nmmU^^Mtf VTAnoUTZto*). ft^JQ^MH: 38,700, Mw/Mn 

fcfc 1.75-Cfeofco 

0>J9 

l,3-^^3i>% 0.32 g, X^U>£ 2.8»ltt&*K 50°C^r 50 ^Hfi^^fr 
5m «5fcH«<D#»T?m6{**1»fc. »&nfcfi^©JR*t±21irtVC 
feofeo M-&#*©;**-U>£*r*fcfc 33.2 BolX-CfcD. :/*S^>^.- 

«y h©^^D^5t{i^X^SA s 80.3mol%T-fet)s 23,400. Mw/Mn 

fcfc 2.23 t-feofco M 5 £#J9 Covv£©*§JII£Tg3©^ 1 C^to 
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St 
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m& 
mm 
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1,4- 
cis(X) 
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trans(%) 
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(%) 


St -a 
(%) 


Mw 


Mn 


Mw/Mn 


40 


0.5 


21 


94.6 
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50 
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22 


95.1 
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1.0 
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60 
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20 


91.7 


7.2 


1.1 


11.4 


124,200 


73,900 


1.69 


70 


12 


23 


87.4 


11.7 


0.9 


19.1 


67,800 


38,700 


1.75 


80 


50 


21 


80.3 


18.7 


1.0 


33.2 


52,200 


23,400 


2.23 
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m & <d ig h 
>$i^t * d i: t x *) m s - 1 * s a-£rffco 

Mw/Mn ft* 2.00 WTt"$Si*OiII 7lI£fa^<£>a-£^o 

*p Mw/Mn^2.00mTT*feS^^^>«^o 
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1 0 .M^>^ffit"rjHb^^©M^©fefeoii«itfeot, 

1 1 u-t>mmfo&y-? U ^ A0g#:^$)^M5l<©«5H0 10H£lB*B©li4*g 
12. <f ^vtSfb-^-W 5 h U ^ h (^>^^;i/^-D 

1 3 . £ £ £M»3»SCil I -HI i^x;^©W^^b^^^tfBi5f<0«Bia^ 10 

mte\,^m 12 iM<wmfr 1 11 tia»cD^»#!$jo 

1 5 . li^GDfSB^! 10 II&l^ 13 HOl^f tlfr 1 JSt3f3*&©^£*M i $J©# 

1 6. «^©ISH^10 3l^V>b^l3JI<D^T^liI{3|B^©M^^tl©# 
STtftS^xv i: tf - ; Wb-£4£l £ £ ^fi^rf £ £ t £ J: »5 f# £ c h #T* 

17. ^Zummiz&ttZisX l,4-Ht5t©^rM#80 mol%J^_t-e&tK 
Mw/Mn # 2.00 WTt?feSa*©«5ffl^ 16 JiCIBttO^S^o 

is. &'&v^>t^mmv-Mt&w£(D?>y2±&m&fo-z$>-o-r:, 

«Wtt:i5ttS^^ l,4-aat®^fi* J 80niol%]a±T-$>»9> ^»* s 10,000 W± 
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